M
any upper extremity motor function outcome measures do not produce data that provide obvious links between the basis for planning treatment and the emergent plan for functional restitution. The Wolf Motor Function Test (WMFT) quantifies upper extremity movement ability through timed single-or multiple-joint motions and functional tasks. 1 The tasks are arranged in order of complexity, progress from proximal to distal joint involvement, test total extremity movement and movement speed, and require few tools and minimal training for test execution.
The present study establishes the reliability and validity of the WMFT. The scores from the WMFT and the upper extremity portion of the Fugl-Meyer Motor Assessment (FMA) were compared to investigate the criterion validity of the WMFT. The FMA was chosen as the criterion test because it focuses on multijoint upper extremity function in patients after stroke and is reliable 2 and valid. 3, 4 Yet the FMA is difficult to use and examines synergy patterns that no longer form the basis for many functionally oriented treatments.
Subjects and Methods

Subjects
Forty-seven subjects were recruited by convenience sampling in this repeated-measures design study. Twenty-one subjects had sustained a stroke. All subjects participating were between the ages of 42 and 76 years. Nineteen subjects after stroke (mean age 61.4Ϯ9.5 years, mean time from stroke 4.9Ϯ6.4 years, range 0.67 to 29 years) and 19 individuals without impairments (mean age 60.0Ϯ9.3 years) could be matched by age and sex. All subjects met predetermined inclusion criteria indicative of medical stability, sitting and standing balance control, and intact cognition. Subjects neither took medications affecting motor performance, nor did they engage in strenuous activity before data collection sessions. All subjects could actively extend wrist, thumb, and at least 2 other digits Ն10°and signed an informed consent form approved by the Emory University Institutional Review Board. A signed consent also was obtained from the attending physician for subjects after stroke.
Measurements
Wolf Motor Function Test
Tasks 1 to 6 of the WMFT 1 (see General Description of the WMFT in the Appendix) involve timed joint-segment movements, and tasks 7 to 15 consisted of timed integrative functional movements.
Fugl-Meyer Motor Assessment
The FMA 5 (see FMA: Upper Extremity Portion in the Appendix) assesses voluntary movement, reflex activity, grasp, and coordination. Performance is measured on 33 tasks with a 3-point ordinal scale (0 to 2), with a maximum score of 66.
Training Raters
Rater training was completed for both tests by using a separate sample of 4 subjects (2 after stroke and 2 without stroke). Training concluded when all 4 raters scored, independently and concurrently, all tasks among all subjects within 0.20 seconds (WMFT) and with exact agreement (FMA).
Procedure
All instruments were calibrated before data collection and on every fourth subject. For each subject, testing sequence and rater pair, from among 4 raters, were 12 to 16 days apart.
Data Analysis
Nonparametric analyses were used for all data not normally distributed, on the basis of Shapiro-Wilk test results. Interrater reliability of the WMFT and FMA total scores per limb per session was determined by Intraclass Correlation Coefficient (ICC), model (1,1). Interrater reliability also was determined for WMFT (ICC) and FMA ( statistic) individual tasks of the affected limb in subjects after stroke. Rater total scores for each test were compared by the Wilcoxon signed rank (paired sample) test. Internal consistency of each test was determined by Chronbach's ␣. Each WMFT and FMA total score was compared between groups by the Wilcoxon 2-sample test. The WMFT and FMA total scores for the most affected poststroke limb were related by using the Spearman rank correlation coefficient. Only primary examiners were used in analyses, except for the reliability tests. For all analyses, the criterion ␣ level was 0.05, and power was Ն0.90 for WMFT scores (effect size 1.22, 1 nϭ19) and for FMA scores (effect size 0.94, 2 nϭ19).
Results
Total scores for the WMFT and FMA are presented in Table  1 . Interrater reliability for the WMFT ranged from 0.97 to 0.99. Reliability for the more affected extremity of subjects after stroke for the FMA was ICC 0.96 (PϽ0.0001). A ceiling effect was observed in FMA scores for the less affected extremity of subjects after stroke and for both extremities of subjects without impairment, prohibiting interrater reliability Values are meanϮSD, minimum (Min), and maximum (Max) total scores across group (nϭ19 per group), extremity, session, and rater.
*Wilcoxon paired sample signed rank test indicated a difference (PϽ0.05) between rater 1 and 2.
(ICC) calculations. The WMFT scores were not different (PϾ0.05) between raters, except in the more affected extremity of subjects after stroke and in the nondominant extremity of subjects without impairment, both at session 2 ( 
Discussion
Interrater reliability was supported for the WMFT within both subject groups for both sessions. Similar results were reported (E. Taub, oral communication, December 1999) for the interrater reliability of the WMFT (rϭ0.97, PϽ0.05) in subjects after stroke who met similar upper extremity movement criteria. Although a ceiling effect occurred in FMA scores for the less affected arm of subjects after stroke (score range 58 to 66) and in both arms of the subjects without impairments (score range 63 to 66), no difference in scores between raters was observed, supporting interrater reliability (Table 1) . For individual tasks, interrater reliability was observed for both tests, with the WMFT demonstrating agreement between raters on all 15 tasks. Although the FMA demonstrated internal consistency (90.7%) and a relationship ( Ͼ0.40) between raters on a majority of the tasks (Table 2) , tasks 3, 11, and 14 (FMA: Upper Extremity Portion in Appendix) had low agreement ( Ͻ0.40) at both sessions. Likewise, the reflex elicitation task (task 18) had low agreement at the second visit and was attributable to 1 rater, an observation also reported by Duncan et al. 6 The low interrater agreement for the 3 FMA tasks may be due to the 3-point ordinal scale. The raters often interpreted and scored a "partial" or "faultless" movement differently. Lindmark and Hamrin 7 changed the FMA to a 4-point scale in the BL Motor Assessment (BLMA). Benaim et al 8 subsequently revised the BLMA because some of the FMA-based tasks were not functionally appropriate.
The WMFT scores appeared to differentiate the more affected extremity and the less affected extremity from either extremity of subjects without impairment (Table 3) . Findings also support previous observations in that the FMA scores are different between the more affected extremity of individuals after stroke and either extremity of individuals without impairment (Table 3) . 3, 9 However, deficits are also present in the less affected extremity in individuals after stroke. Sunderland et al 10 attributed impaired function in the less affected extremity to deficits affecting perception and control of action. But the FMA scores did not differentiate changes that may have occurred in the less affected extremity of subjects after stroke (Table 3 ). The lack of sensitivity of the FMA may be due to use of a 3-point scale versus use of performance time for the WMFT. The WMFT scores of increased performance time in the less impaired extremity among patients with cognitive deficits require further study. However, the difference in WMFT scores between groups supports test construct validity.
The relationship between the tests' scores for the more affected extremity of subjects after stroke supports criterion validity and is consistent with values reported elsewhere. 4, 11 These validity findings for the WMFT might encourage its use by clinicians and researchers to quantify upper extremity performance in individuals after stroke with motor characteristics similar to subjects in the present study. Additionally, inferences from WMFT scores may be made pertaining to the patient's level of function and potential motor recovery, because the WMFT is based on examining the time for completion of single joint or interjoint movements that frequently are engaged to either assess existing capabilities or to plan treatment for functional activities. Minimally, the test can show if interventions improve motor performance attributes, such as speed to complete tasks. Feys et al 12 recently demonstrated that motor performance may be the greatest predictor of motor recovery in individuals after stroke and that it, along with overall disability, predicted motor recovery 2, 6, and 12 months after stroke. Hence, further thought n equals total tasks for session 1 (3 levels combined) and session 2 (3 levels combined). Values are total number (percentages) of FMA tasks.
should be given to delineation and development of quantitative performance-based functional tests and measures, such as used in the present study. 
